where the variables x, y and z which represent the gene mRNA, protein and the inhibitor respectively, constitute a negative feedback loop in one neuronal oscillator.
The individual oscillators are coupled through the local mean field f of the transmitter V produced by the gene mRNA. The local mean field f of i th oscillators is defined as the mean for the transmitter from the neighbors of the oscillator i. The matrix A ij describes the topology of the SCN network as it in the Kuramoto model, and e i represents the number of the neighbors of oscillator i. We assumed that the network topology is altered between different photoperiod, i.e. the number of the directed links from the VL to the DM and from the DM to the VL is altered (the details please see the main text). The light term L i is defined as:
Where the parameter T L is the photoperiod, and K f is the light intensity. The term
corresponds to the fact that about 25% SCN neurons are sensitive to light signal.
In order to model the diversity of the intrinsic periods of the neurons, the factor i σ is introduced which satisfies a normal distribution with mean 1 and the deviation 0.05. The coupling strength g is 0.5, the light intensity K f is 0.01, the number of neurons is N =400 and the other parameters are the same as in Ref. Figure S1 shows the evolutions of 10 randomly selected neuronal oscillators under short and long photoperiods when the VL neurons are nonrhythmic. Under the LP (long photoperiod), the neuronal phases are more dispersed, and the neuronal amplitudes are also smaller than those under the SP (long photoperiod) (a and b).
Simulation results based on the Goodwin model
Due to the dispersed neuronal phases and the smaller neuronal amplitude, the amplitude of the SCN network is smaller under the LP (c). Next the relationships of the degree R and the network amplitude ρ to the photoperiod are examined in Fig. S2 . Consistent with the observation in Kuramoto model, the synchronization degree R (a) decreases with increase of the photoperiod when the VL neurons are either rhythmic or nonrhythmic. In addition, the network amplitude ρ also decreases with increase of the photoperiod whereas the Kuramoto model is in lack of amplitude information. References:
